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Continuous surveillance of gross beta activ- 
ity in air and precipitation provides one of the 
earliest and most sensitive indications of 
changes in environmental fission product ac- 
tivity. Although this surveillance does not pro- 
vide enough information to assess human 
radiation exposure from fallout, it 1s widely 
used as the basis of alerting systems for deter- 
mining when to intensify monitoring in other 
phases of the environment. 

Surveillance data from a number of national 
programs are published monthly and summar- 
ized periodically to show current and long- 
range trends of atmospheric radioactivity in 
the Western Hemisphere. Data provided by 
programs of the Public Health Service, the 
Canadian Department of National Health and 
Welfare, the Mexican Commission of Nuclear 
Energy, and the Pan American Health Organi- 
zation are presented individually in tabular 
form and are also compared in beta concentra- 
tion isograms. 


1. Radiation Surveillance Network 
August 1964 


Division of Radiological Health, 
Public Health Service 


Surveillance of atmospheric radioactivity in 
the United States is conducted by the Radiation 
Surveillance Network (RSN) of the PHS Di- 
vision of Radiological Health which regularly 
gathers samples from 73 stations distributed 
throughout the country (figure 1). Most of the 
stations are operated by State health depart- 
ment personnel. 
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Section I—Air and Fallout 


FISSION PRODUCT BETA ACTIVITY IN 
AIRBORNE PARTICULATES AND PRECIPITATION 


The alerting function of the network is pro- 
vided by field estimates of the gross beta ac- 
tivity of airborne particulates on the filters. 
These determinations are performed about 5 
hours after the end of the sampling period to 
allow for decay of naturally-occurring radon 
daughters. The network station operators 
regularly submit their field estimates to the 
Radiation Surveillance Center, Division of 
Radiological Health, Washington, D. C. These 
field estimates are reported elsewhere on a 
monthly basis (1). When unusually high air 
levels are reported, appropriate Federal and 
State officials are promptly notified. 


Air 


Airborne particulates are collected continu- 
ously on a carbon-loaded cellulose dust filter 4 
inches in diameter. A volume of about 1800 
cubic meters of air is drawn through the filter 
during the 24-hour sampling period by a high 
volume centrifugal blower. 

The filters are forwarded to the Radiation 
Surveillance Network laboratory in Rockville, 
Maryland, where the gross beta activity is 
measured using a thin-window, gas-flow pro- 
portional counter, calibrated with a Sr®-Y* 
standard. Each filter is counted at least 3 days 
after the end of the sampling period and again 
7 days later. The initial 3-day aging of the 
sample eliminates interference from naturally- 
occurring radon and thoron daughters. By 
using the two counts and the Way-Wigner 
formula (2), the age of fission products is esti- 
mated, and the activity extrapolated to the 
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FIGURE 1—RADIATION SURVEILLANCE NETWORK SAMPLING STATIONS 


time of collection.! The daily concentrations 
and estimated ages of selected samples are re- 
ported by the PHS in a monthly RSN report 
(1). The August 1964 average gross beta con- 
centrations in air for RSN stations are given in 
table 1. Time profiles of gross beta activity in 
air for eight RSN stations are shown in fig- 
ure 2. 


Precipitation 


Continuous sampling for total precipitation 
is conducted at most stations on a daily basis, 
using funnels with collection areas of 0.4 
square meter. A 500-ml aliquot of the collected 
precipitation is evaporated to dryness, and the 
residue is forwarded to the laboratory for 
analysis. If the collected sample is between 200 
and 500 ml, the entire sample is evaporated. 
When a sample is smaller than 200 ml (equiva- 
lent to 0.5 mm or 0.02 inches of rainfall), the 





‘If a sample contains a mixture of fresh and old 
fission products, the age estimated by the Way-Wigner 
formula is some intermediate value and cannot be used 
for estimating date of formation. 
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volume of precipitation is reported, but no 
analysis is made. 

In the laboratory the gross beta activity in 
precipitation is determined by counting the 
evaporated sample by the same method used for 
analyzing the air filters, including the extra- 
polation to time of collection. Deposition for 
the sample is determined by: 


CP 
ite 1000 
where D is the deposition in nc/m?, C is the 
concentration in pc/liter, and P is the depth of 
precipitation in mm. The individual values of 
deposition and depth of precipitation are totaled 
for the month, and the average concentration 
for the month, C, is determined by: 


ou 1000 
=P * 


The August 1964 average concentrations and 
total depositions are given in table 1. 
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TaBLe 1.—GROSS BETA ACTIVITY IN SURFACE AIR AND PRECIPITATION, AUGUST 1964 
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FIGURE 2—MONTHLY AND YEARLY PROFILES OF BETA ACTIVITY IN 
AIR—RADIATION SURVEILLANCE NETWORK, 1958—AUGUST 1964 
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2. Canadian Air Monitoring Program * 
August 1964 


Department of National Heatlh and Welfare 


The Radiation Protection Division of the 
Canadian Department of National Health and 
Welfare monitors air and precipitation in 
nection with its Radioactive Fallout Study 
gram. Twenty-four collection stations are 
located at airports (figure 2), where the sam- 
pling equipment is operated by personnel from 
the Meteorological Services Branch of the De- 
partment of Transport. Detailed discussions of 
the sampling procedures, methods of analysis, 
and interpretation of results of the radio- 
active fallout program are contained in reports 
of the Department of National Health and Wel- 
fare (3-7). 


con- 


Pro- 





* Data from Radiation Protection Programs Vol 2, 
No. 9: 11-24, Radiation Protection Division, Canadian 
Department of National Health and Welfare, Ottawa, 
Canada (Sept. 1964). 


TABLE 2. 


-GROSS BETA ACTIVITY IN SURFACE 


Air 


Each air sample involves the collection of 
particulates from about 650 cubic meters of air 
drawn through a high-efficiency 4-inch-diam- 
eter filter during a 24-hour period. These filters 
are sent daily to the Radiation Protection Di- 
vision Laboratory in Ottawa. At the labora- 
tory, a 2-inch-diameter disk is cut from each 
filter and counted with a thin-end-window, gas- 
flow, Geiger-Mueller counter system, calibrated 
with sry? 
measurements are made on each filter to permit 
the 
The re- 
sults are extrapolated to the end of the sam- 
pling period. 


a standard. Four successive 


correction for natural activities and for 


decay of short-lived fission products. 


Canadian air data for August 
1964 are given in table 2 and presented in con- 
junction with U. S. and Mexican data by an 


isogram map (figure 5). 


AIR AND PRECIPITATION, 


CANADA 


Air surveillance 


Station Number 





Precipitation data 


Gross beta activity (pe/m Average Total 
of concen- deposition 
samples tration ne/m 
Maximum Minimum Averagé pe/liter 

Calgary 30 1.4 0.1 0.7 2.389 12.7 
Coral Harbour--- 31 0.8 0.1 0.3 282 12.8 
Edmonton. - - - - 31 1.0 0.1 0.5 367 26.0 
Ft. Churchill - - 29 0.9 0.1 0.4 4136 3.3 
Ft. William 30 1.0 0.1 0 255 26.7 
Fredericton 30 1.3 0.1 0.5 169 19.3 
Goose Bay - - 31 1.3 0.1 0.5 217 22. ¢ 
Halifax _ - 30 1.1 0 0.5 303 24.0 
Inuvik- eae 31 1.0 0.1 0.4 355 6.8 
Montreal - - - - - 31 2.2 0.1 0.7 208 19.5 
Moosc.nee 31 ca 0.1 0.4 178 10.8 
Ottawa. - 31 2.6 0.1 0.6 380 13 
Quebec - - 31 1.9 0.1 0.7 222 32.0 
Regina 31 Same 0.1 0.7 370 19.0 
Resolute 29 0.8 0.0 0.2 350 79.9 
St. John’s, Nfid 30 1.0 0.1 0.4 175 27 
Saskatoon- --- 31 1.3 0.2 0.7 425 24.9 
Sault Ste. Marie 29 1.8 0.1 0.6 249 20.7 
Toronto 30 1.8 0.1 0.7 181 26.1 
Vancouver 31 0.9 0.1 0.3 520 19. 
Whitehorse 31 1.0 0.1 0.3 279 14.3 
Windsor - - . 31 1.6 0.1 0.6 166 24.8 
Winnipeg - - - 29 0.9 0.2 5 286 5.1 
Yellowknife. - - 30 1.1 0.2 0.6 1 ,207 2.0 
Network summary. -------- 2.6 0.0 0.5 540 23.1 
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Ficure 3.—CANADIAN AIR AND PRECIPITATION SAMPLING STATIONS 


Precipitation 


The amount of radioactive fallout deposited 
on the ground is determined from measure- 
ments on material collected in special poly- 
ethylene-lined rainfall pots. The collection 
period for each sample is one month. After 
transfer of the water to the sample container, 
the polyethylene liner is removed, packed with 
the sample, and sent to the laboratory. 

Strontium and cesium carriers are added to 
all samples on arrival at the laboratory. Other 
carriers are also added to selected samples ac- 
cording to the specific radionuclides to be de- 
termined. The samples are then filtered and the 
filtrate evaporated to near dryness. The filter 
paper containing insoluble matter is ignited 
together with the polyethylene liner at 450° C. 
The ash is combined with the soluble fraction, 
transferred to a glass planchet, evaporated un- 
der an infra-red lamp and then counted with 
a thin-end-window Geiger-Mueller counter cali- 
brated with a Sr*’-Y°" source. Gross beta ac- 
tivities for August 1964 samples are given in 
table 2. Radionuclide analyses are reported 
quarterly in RHD. 


3. Mexican Air Monitoring Program 
August 1964 


National Commission of Nuclear Energy 


The Radiation Surveillance Network of 
Mexico was established by the Comision 
Nacional de Energia Nuclear (CNEN), Mexico 
City. From 1952 to 1961 the network was di- 
rected by the Institute of Physics of the Uni- 
versity of Mexico, under contract to the CNEN 
(8-12). 


In 1961 the CNEN appointed its Division of 
Radiological Protection (DRP) to establish a 
new Radiation Surveillance network. This net- 
work consists of 17 stations (see figure 3), 
twelve of which are located at airports and 
operated by airline personnel. The remaining 
five stations are located at Mexico City, Mérida, 
Veracruz, San Luis Potosi and Ensenada. Staff 
members of the DRP operate the station at 
Mexico City while the other four stations are 
manned by members of the Centro de Previsién 
del Golfo de México, the Chemistry Department 
of the University of Merida, the Institute de 
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Zonas desérticas of the University of San Luis 
Potosi, and the Escuela Superior de Ciencias 
Marinas of the University of Baja California, 
respectively. 





Sampling 


The sampling procedure involves drawing air 
for 24 hours a day, 3 or 4 days a week at the 
rate of approximately 1,200 cubic meters per 
day, through a high-efficiency, 6 x 8-inch glass 
fiber filter, using high volume samplers. After 
each 24-hour sampling period, the filter is re- 
moved and forwarded via air mail to the 
“Laboratorio de Estudios sobre Contaminacion 
Radiactiva”, CNEN, in Mexico City for assay 
of gross beta activity. A minimum of 3 or 4 
days after collection is allowed for decay of 
radon and thoron daughter natural radio- 


collection. 


activity. Data are not extrapolated to time of 


Results 


The maximum, minimum and average fission 
product beta concentrations in surface air dur- 
ing August 1964 are presented in table 3. The 
data are also represented in the beta activity 
isogram map of North America, figure 4. 


TaBLe 3.—GROsS BETA ACTIVITY OF ATRBORNE 
PARTICULATES, MEXICO, AUGUST 1964 
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FiGuRE 4.—FALLOUT NETWORK SAMPLING STATIONS IN MEXICO 
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4. Pan American Air Sampling Program 
August 1964 


Pan American Health Organization and 
Public Health Service 


Gross beta activity in air is monitored by 
four countries in the Americas under the aus- 
pices of a collaborative program developed by 
the Pan American Health Organization and 
the Public Health Service (PHS) for assisting 
countries of the Americas in developing radio- 
logical health programs. The sampling equip- 
ment and analytical services are provided by 
the Division of Radiological Health, PHS, and 
are identical with those employed for the Radi- 
ation Surveillance Network. 


The four air sampling stations included in 
the program are operated by the technical staff 
of the Ministry of Health in each country. The 
station in Kingston, Jamica, is operated by the 
Public General Hospital; in Caracas, Vene- 
zuela, by the Venezuelan Institute for Scientific 
Investigations; in Lima, Peru, by the Institute 
of Occupational Health; and in Santiago, Chile, 
by the Occupational Health Service. The 
Kingston station began operation in March 
1964, and the other three were started near the 
end of 1962. 


The August 1964 air monitoring results from 
the four participating countries are given in 
table 4. The Caracas and Jamaica stations, in- 
cluded in figure 5 with the August averages 


TABLE 4.-—GROSS BETA ACTIVITY IN AIR, 
AUGUST 1964 
(Concentrations in pe/m‘] 
Sam ng stations No. of Maximum | Minimum Average 
| rt yn, J ia " 14 0.60 <0.10 0.25 
(‘aracas, Venezuela 21 0.19 0.11 
Lima, Peru 1 0.17 0.10 
< ago. ( 27 0.27 0.14 
7 mont average is calculated by weighting the individual samples 
I | t | } i Va 


0.10 are assumed to be 0.10 
repr t more than 10 


adjusted by the RSN intercalibration factor, 
were used in positioning the beta concentration 
isograms. 


The RSN factor is 1.28. 
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5. Gross Beta Activity in Air, North America 
August 1964 


Beginning with January 1963 data, monthly 
average concentrations of airborne gross beta 
activity in Canada and the United States have 
been presented in combined form as isogram 
maps of most of North America. The data from 
the Radiation Surveillance Network and the 
Canadian Air Network were adjusted to each 
other by means of an intercalibration factor 
derived by Lockhart and Patterson (132). 


With the formation of the Mexican Air moni- 
toring program, new intercalibration ratios 
were determined, this time including the Cana- 
dian Network, Radiation Surveillance Net- 
work, National Air Sampling Network, the 
HASL 80th Meridian Network, and the Mexi- 
can Network (14). The new intercalibration 
factors reflect some changes in standardization 
in both the RSN and the Canadian Air Net- 
work, effective September 1963. 


Figure 5 shows the August 1964 activity in 
air throughout North America based on the 
data from the Canadian Air Monitoring Pro- 
gram, the Radiation Surveillance Network and 
Mexican Air Monitoring program. An inter- 
calibration factor of 1.28 was applied to the 
RSN data and the Mexican data were multi- 


plied by 0.81 in order to adjust them to Cana- 
dian data. 
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Figure 5.—ISOGRAM OF AVERAGE GROSS BETA CONCENTRATIONS 





IN AIR, NORTH AMERICA, AUGUST 1964 


(6) Beale, J. and J. Gordon: The Operation of the 
Radiation Protection Division Air Monitoring Pro- 
gram, RPD-11, Department of National Health and 
Welfare, Ottawa, Canada (July 1962). 

(7) Booth, A. H.: The Calculation of Maximum Per- 
missible Levels of Fallout in Air and Water and 
Their Use in Assessing the Significance of 1961 
Levels in Canada, RPD-21, Department of National 
Health and Welfare, Ottawa, Canada (August 1962). 

(8) Alba, F., V. Beltran, T. A. Brody, H. Lezama, A. 
Morelo, A. Tejera, and M. Vazquez: Primer Informe 
sobre Estudios de la Lluvia Radiactiva, Revista Mevxi- 
cana de Fisica, 5: 153-166 (1956). 

(9) Alba, F., T. A. Brody, H. Lezama, A. Tejera, and 
M. Vazquez: Segundo Informe sobre Precipitacion 
Radiactiva, Revista Mexicana de Fisica, 6: 97-104 
(1957). 

(10) Alba, F., T. A. Brody, R. Cameras, A. Palacios, 
G. Rickards, A. Tejera, E.G.B. de Velarde: Tercer 
Informe sobre Precipitacién Radiactiva, Publicacion 
de la Comisién Nacional de Energia Nuclear (1958). 


December 1964 


Cuarto 


Palacios: 
Informe sobre Estudios de la Precipitacién Radi- 
activa, Revista Mexicana de Fisica, 8: 61-85 (1959). 


(11) Alba, F., T. Brody, and A. 


(12) Brody, T. A., S. Bulbulian, J. Calvillo, and A. M. 
Martinez: Quinto Informe sobre Estudios De Precipi- 
tacién Radiactiva, Revista Mexicana de Fisica, 8: 
(1961). 

(13) Lockhart, L. B. Jr., and R. L. Patterson, Jr.: 
Intercalibration of Some Systems Employed in Moni- 
toring Fission Products in the Atmosphere, NRL Re- 
port 5850, Naval Research Laboratory, Washington, 
D. C. 20390 (November 13, 1962); abstracted in 
Radiological Health Data, December 1962. 

(14) Lockhart, L. B. Jr., and R. L. Patterson, Jr.: 
Intercalibration of the Major North American Net- 
works Employed in Monitoring Airborne Fission 
Products, NRL Report 6025, Naval Research Labora- 
tory, Washington, D. C. 20390 (December 1963) ; 
summarized in Radiological Health Data, January 
1964. 


587 








MONTHLY DEPOSITION OF VARIOUS RADIONUCLIDES 


For the purpose of this section the word 
“fallout” refers to the deposition of radioactive 
materials on the earth’s surface, normally ex- 
pressed in terms of the activity of selected 
radionuclides deposited on a unit surface dur- 
ing a given period of time. Unless otherwise 
stated, fallout measurements include both pre- 
cipitation and dry fallout (settled dust). 


Following are reports of fallout measure- 
ments at selected stations in Canada. 


TABLE 1 ANALYSIS OF FALLOUT 


Fallout Measurements in Canada 
April-June 1964 


Department of National Health and Welfare 
Ottawa, Canada 


The monthly accumulated precipitation sam- 
ples collected in conjunction with the Canadian 
air sampling network described earlier in this 
issue represent total fallout (wet and dry), 
since they are collected in deep pots lined with 
polyethylene. The radiochemical analyses of 
these samples for April through June 1964 are 
given in table 1. 


FOR SPECIFIC RADIONUCLIDES, 


APRIL-JUNE 1964 


| Deposition in nc/m* 
\ M J 
~ ( Sr ( sr (C's 

: ).27 0O.¢ 2.17 8.65 1.63 3.00 
( H ( 0 0.2 0.21 0.34 0.94 2? 03 
| 0.82 1.50 4. 3t 6.72 1.01 2.46 
It. ¢ 32 0. 4¢ l 4 80 1.39 2.22 
Rt. Wi - >, 84 +65 ».10 8.05 
Frederict hs 3.30 0.29 1.42 1.84 t.41 
{ I 0.77 0.8 12 12 2.87 >. 53 
H 7 f 1. 3¢ 2.28 1.63 2.79 
Ir 0.10 0.20 0.24 0.41 1.76 2.06 
Mor 1.32 2.20 1.65 Seae 1.26 2.11 
NI U.9 2.30 +.31 6.72 » 64 »,04 
Or ‘ 1.71 >. 02 2.10 }.63 0.98 1.62 
Que 1.50 2.48 1.46 3.4 2.66 ».17 
R 0.36 0.76 1.54 2.54 2.87 >. 38 
Re 0.52 0.52 1.14 1.70 0.63 0.92 
mB. 7d N 1.17 00 3.35 2.34 §. 61 
$ 1.74 3.19 1.57 2.80 
“A S AY 2.24 3.18 2.38 3 ) 2.09 3.28 
lor 1.70 3.10 0.61 1.02 
Va 1.91 3.05 +. 6f 1.49 2.25 
Wi} hor 0.10 0.23 0.40 1.16 0.21 1.30 
W 76 >. 20 an 2.03 2.96 5.16 
Wj 05 2.00 1.91 3.90 2.93 $.44 
Ye s 0.18 0.31 0.70 1,24 0.59 1.10 
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MILK SURVEILLANCE 


Although milk is only one of the many 
sources of dietary intake of radionuclides, it is 
the single food item most often used as an indi- 
cator of the population’s intake of radionuclides 
from the environment. This is because fresh 
milk is consumed by a large segment of the 
United States population and contains most of 
the radionuclides occurring in the environment 
which have been identified as biologically im- 
portant. In addition, milk is produced and con- 
sumed on a regular basis, is convenient to han- 
dle, is easily analyzed, and samples which are 
representative of milk consumption in any area 
can be readily obtained. 


1. Pasteurized Milk Network, 
August 1964 


Division of Radiological Health and 
Division of Environmental Engineering and 
Food Protection, Public Health Service 


The Public Health Service pasteurized milk 
surveillance program had its origin in a raw 
milk monitoring network (1) established by 
the Service in 1957. One of the primary objec- 
tives of the raw mi k network was the develop- 
ment of methods for milk collection and radio- 
chemical analysis suitable for larger 
programs. 

Experience derived from this earlier net- 
work led to the activation of a pasteurized milk 
sampling program with stations selected to pro- 
vide nationwide surveillance of milk production 
and consumption areas. The present network, 
which consists of 63 stations, has at least one 
station in every State, the Canal Zone, and 
Puerto Rico. 


scale 
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Section II—Milk and Food 


Sampling Procedure 


Through the cooperation of State and local 
milk sanitation authorities, samples are rou- 
tinely collected at each station. The method 
specifies that an individual station’s sample be 
composited of subsamples from each milk pro- 
cessing plant in proportion to the plant’s aver- 
age sales in the community served. At most 
stations the sample represents from 80 to 100 
percent of the milk processed. Prior to Septem- 
ber 15, 1961, the composite sample was taken 
from one day’s sales per month and was as 
representative of the community’s supply as 
could be achieved under practical conditions. 
Beginning with the resumption of nuclear 
weapons testing in the atmosphere in Septem- 
ber 1961, and continuing through January 1963, 
samples were collected twice a week at nearly 
all stations and daily for short periods at se- 
lected stations. Since then, the sampling fre- 
quency has been reduced to once a month. 


Samples are preserved with formaldehyde 
and are sent to the PHS Southwestern 
(SWRHL), Southeastern (SERHL), or North- 
Health Laboratories 
Gamma analyses for 


eastern Radiological 
(NERHL,) for analysis. 

iodine-131 are made within 3 to 6 days after 
sample collection, and any results exceeding 
100 pec/liter are immediately telephoned to 
State health officials for possible public health 
action. Analytical results are normally avail- 
able 6 to 7 weeks after monthly samples are 


received by the laboratories; publication in 


RHD follows 3 to 4 months after the monthly 
samples are composited for analyses. 









Analytical Procedures 


Ilodine-131, cesium-—137, and barium—140 
concentrations are determined by gamma 
scintillation spectroscopy.' After the weekly 
samples are gamma scanned, samples from two 
consecutive weeks are composited and analyzed 
radiochemically for strontium—89 and stron- 
tium—90. There is an inherent statistical varia- 
tion associated with all measurements of radio- 
nuclide concentrations. With the low radionu- 
clide levels which are usually found in milk and 
other environmental samples, this variation on 
a percentage basis is relatively high. The varia- 
tion depends upon such factors as the method 
of chemical analysis, the sample counting rate 
and counting time, interferences from other 
radionuclide and the background count. For 
milk samples, counting times of 50 minutes for 
gamma spectroscopy and 30 to 50 minutes for 
beta determinations are used. Table 1 shows 
the approximate total analytical error (includ- 
ing counting error) associated with radionu- 
clide concentrations in milk. These errors were 
determined by comparing results of a large 
number of replicate analyses. Table 1 gives the 
95 percent confidence limits between which the 
true concentrations of the selected radionuclides 
might be expected in the analyses. The mini- 
mum detectable concentration is defined as the 
measured concentration at which the _ two- 
standard-deviation analytical error is equal to 
the measurement. Accordingly, the minimum 
detectable concentrations in units of pc/liter 
are Sr**, 5; Sr®, 2; Cs'37, 10; Ba, 10; and 
I'*', 10. At these levels and below, the counting 
error comprises nearly all of the analytical 
error. : 


TaBLeE 1.—ANALYTICAL ERRORS ASSOCIATED 
WITH ESTIMATED CONCENTRATIONS FOR SE- 
LECTED RADIONUCLIDES IN MILK 


Estimated Estimated Error * 
Nuclide concentra- Error ® concentration |(percent of 
tion pe/liter) (pe/liter) concentra- 

(pe/liter) tion) 


lodine-131 0 to 100 +10 100 or greater +10 
Barium-140 0 to 100 +10 100 or greater +10 
Cesium-137 0 to 100 +10 100 or greater +10 
Strontium-S” 0 to 50 +5 50 or greater +10 
Strontium-90 0 to 20 +2 20 or greater +10 


® Two standard deviations (2¢). 


' Southeastern Radiological Health Laboratory em- 


ploys a_ radiochemical procedure for barium-140 
analysis. 
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Calcium analyses at SERHL are done by an 
ion exchange and permanganate titration 
method while at NERHL and SWRHL an ethyl- 
enediaminetetraacetic acid (EDTA) method is 
used. Stable potassium concentrations are 
estimated from the potassium-—40 concentra- 
tions’ determined from the gamma spectrum. 


Data Presentation 


Table 2 presents summaries of the analyses 
for August 1964 (July 26-August 29). Although 
not shown in table 2, the iodine-131 and 
barium-—140 monthly average concentrations in 
milk were less than 10 pc/liter. Radionuclide 
values reported by a laboratory as being below 
the minimum detectable concentration have 
been averaged by using one-half the minimum 
detectable value. The averaging procedure was 
modified for iodine-131 and barium-140 in 
October 1963 when nondetectable concentra- 
tions of these radionuclides were considered 
zero. A similar procedure is used for the net- 
work average. 

Figures 1 and 2 are isogram maps showing 
the estimated strontium-—90 and cesium—137 
concentrations in milk over the entire country. 
The value printed beside each station is the 
monthly average concentration for that station. 
The isograms were developed by arbitrary in- 
terpolation between values for the individual 
stations. Additional modifications to the iso- 
grams are made according to available infor- 
mation on milksheds. 

In order to develop the distribution of the 
network’s stations versus radionuclide concen- 
trations in milk, tables 3 and 4 have been pre- 
pared using monthly averages. 

The average monthly strontium—90 concen- 
trations in pasteurized milk from selected cities 
in the sampling program are presented in figure 
3. The data regarding reported nuclear detona- 
tions given in this figure are presented for in- 
formation only. The underground nuclear 
detonations during 1963 and 1964 are not in- 
tended to imply a cause and effect relationship 
with the rising strontium levels during this 
period. Each graph shows the strontium-—90 
concentrations in milk from one city in each of 
the four U.S. Bureau of Census regions. This 
method of selection permits graphic presenta- 
tion of data for each city in the network three 





* The conversion factor is 1.18 x 10—3 g K/pce K*°. 
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Sampling locations 


Ala 
Alaska 
Ariz 
Ark 
Calif 


Canal Zone 
Colo 
Conn 

Del 

po. ¢ 

Fla 


Ga 
Hawaii 


Idaho 


La 


Maine 


Md: 
Mass 
Mich 


Minn 
Miss: 
Mo: 


Mont: 


Nebr: 
Nev: 
N.H 
N. J: 
N. Mex 


Montgomery 
Palmer 
Phoenix 
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Sacramento 
San Francisco 


tock 


Cristobal 
Denver 
Hartford. 
Wilmington 
W ashington 
Tampa 


Atlanta 
Honolulu 
Idaho Falls 
Chicago 
Indianapclis 


Des Moines 
Wichita 
Louisville 
New Orleans 
Portland 


Baltimore 
Boston 
Detroit 

Grand Rapids 


Minneapolis 
Jackson 
Kansas City 
St. Louis 


Helena 


Omaha 

Las Vegas 
Manchester 
Trenton 
Albuquerque 


Buffalo 
New York 
syracuse. 
Charlotte 
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Cincinnati - 
Cleveland 


Oklahoma City 


Portland- 


Philadelphia. = 


Pittsburgh - 


San Juan_.--- 


Providence- 
Charleston 
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Chattanooga 
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Dallas 


Salt Lake City-- 


Burlington 
Norfolk 


Seattle 
Spokane 
Charleston 
Milwaukee 
Laramie 


Network average 


® The monthly average iodine-131 and barium-140 concen 
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PASTEURIZED MILK, AUGUST 1964 * 


Tr 


for 


Potassium 


Second 
quarter 
1.3 
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times a year. The last column in table 2 shows 
the most recent issue in which a graph of the 
strontium—90 concentration was given for each 
station. A tabulation of the network monthly 
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Stations Not Shown 
Palmer, Alaska 
Honolulu, Hawaii 

Son Juan, Puerto Rico 
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FIGURE 1.—STRONTIUM-90 CONCENTRATIONS IN 
PASTEURIZED MILK 


TaBLe 3.—STATION MONTHLY AVERAGES FOR TasLe 4.—STATION MONTHLY AVERAGES FOR 
STRONTIUM-90 MARCH-AUGUST 1964 CESIUM-137 MARCH-AUGUST 1964 























Number of stations in range (1964 Number of stations in range (1964) 
Range (4 i Range (pc/liter 2 
Mar Apr May June July Aug Mar. |} Apr. | May | June | July | Aug. 
Under 10 2 } 3 4 f 7 Under 50 2 2 2 1 4 6 
10-19 17 12 s 6 6 23 50-99 11 12 16 19 24 30 
1-29 30 28 20 23 29 23 100-149 22 23 17 24 21 19 
30-39 10 12 »0) 17 14 6 150-199 20 17 23 13 8 6 
10-49 2 2 6 10 4 4 200-249 6 7 3 } 3 l 
90-59 I 2 } 2 l U 250-299 2 2 2 2 2 l 
60-69 | 3 | 0 0 300-349 0 0 0 0 0 0 
70-79 0 0 l l 0 0 350-399 0 0 0 0 0 0 
CESIUM-—137(pc/liter) 

Stations Not Shown 

Palmer, Alasko 100 \ 

Honolulu, Hawaii ya a . 

Son Juan, Puerto Rico 70 

Cristobal, Canal Zone 50 

e Sampling Stations AUGUST 1964 

FIGURE 2.—CESIUM-137 CONCENTRATIONS IN 
PASTEURIZED MILK 
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FicuRE 3.—STRONTIUM-90 IN PASTEURIZED MILK, 1961—AUGUST 1964 
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2. California Milk Network* 
April-June 1964 


State of California 
Department of Public Health 


Surveillance of specific radionuclides in milk 
is one phase of California’s Department of 
Public Health program of radiation control. 
This milk monitoring function has been con- 
ducted at 8 milksheds since January 1960 by the 
Department’s Bureau of Radiological Health, a 
constituent of the Division of Environmental 
Sanitation. Since the addition of the Del Norte 
and Mendocino milksheds to the program in 
March 1962, sampling of pasteurized milk 
weekly or biweekly has been conducted at 10 
major milksheds (see figure 4). The original 
sampling locations were chosen by the State 
Department of Agriculture as being repre- 
sentative of milk consumed by a high percent- 
age of the population of the State. 


Data from Radiological Health News Vol. 3, No. 4, 
Bureau of Radiological Health, State of California De- 
partment of Public Health, 2151 Berkeley Way, 
Berkeley 4, California. 


Mendocino ay 


Analytical Procedures 


After precipitation of the proteins with 
trichloroacetic acid, yttrium—90 is separated 
and beta counted, and total radiostrontium re- 
maining in the filtrate is determined by beta 
counting in a low background counter, usually 
for a 60-minute period. Strontium—90 is deter- 
mined from the yttrium—90 results; strontium— 
89 is determined by difference. 

Potassium—40, iodine-131, cesium-137 and 
barium—140 in whole fluid milk are determined 
by gamma scintillation spectroscopy using a 
sodium-iodide crystal. A normal counting time 
of 100 minutes is used. The stable potassium 
content of milk (g/liter) may be estimated by 
multiplying the potassium—40 concentration 
(pe/liter) by 1.18 x 10 A more complete 
description of the laboratory equipment and 
procedures has been published in the February 
1963 issue of Radiological Health Data (3). 


Results 


The monthly averages of the radionuclide 
and calicum data for milk for the period April- 
June 1964 are presented in table 5. Background 
information of the differences among the Cali- 
fornia milksheds was presented by Heslep and 
Cornish in the December 1963 issue of RHD 
(4). 
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3. Florida Milk Network 
January-March 1964 


Division of Radiological and 
Occupational Health 
Florida State Board of Health 


The Florida State Board of Health began 
sampling raw milk for iodine-131 analysis in 
two major areas of the State in November 1962. 
The program has since been expanded to in- 
clude the analysis of milk for strontium-89, 
strontium—90 and cesium—-137. Raw milk sam- 
ples are received from the six areas shown in 
figure 5. Samples for iodine-131 analysis are 
taken from a tank truck, the route of which 
passes by farms widely dispersed over the area 
represented. Where there is no route repre- 
sentative of a large portion of the area, samples 
are collected from selected farms and combined. 
Samples were collected weekly when iodine—131 
was detectable in milk. Presently, the sampling 
is on a monthly basis. 


A regional State Board of Health Laboratory 
is located in each of these areas shown in figure 
5. For strontium—89, strontium—90 and cesium- 
137 analysis monthly composite raw milk sam- 
ples are prepared by each regional laboratory 
from samples routinely submitted. The com- 
posite sample is a size-stratified randon sample 
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FLORIDA MILK SAMPLING LOCATIONS 


FIGURE 5. 


obtained by numbering farms and using a table 
of random numbers. Each size stratum contrib- 
utes to the total volume of the sample in pro- 
portion to the number of cows in that stratum. 
Ten percent of the farms in each stratum is 
selected for compositing. These composite sam- 
ples are then sent to the State Radiological 
Health Laboratory in Orlando for analysis. 
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TABLE 6 


Milk produced in the counties comprising each 
area is generally processed, marketed, and con- 
sumed in that area. These areas are character- 
ized by differences in dairying practices related 
to the gradual transition from small farms— 
using locally grown feeds in the ‘West Florida” 
reyion—to larger farms using different types 
of grass and predominantly purchased feeds in 
the southern areas. 


Analytical Procedures 


Strontium—89 and strontium—90 concentra- 
tions in milk samples are determined by radio- 
chemical separations and beta counting in a low 
background counter. Cesium-—137 and iodine— 
131 content is determined by gamma scanning 


with a 512-channe! analyzer. 


Re sults and Discussion 


Table 6 presents all available monthly aver- 
age strontium—90, strontium-—89, and cesium- 
137 concentrations in Florida milk for January- 
March 1964. lodine—131 results for 1963 ap- 
peared in the March 1964 issue of RHD (5). 

Comparison of the Public Health Service 

Milk Network data for Tampa, 
Florida, for 1968 (May 1963-April 1964 issues 
of RHD) with the from the Florida 
State Board of Health’s Tampa Bay Area gives 
an indication of the agreement of the two sam- 
pling methods: 

1. raw milk composites from a sampling of 
farms and 

2. pasteurized milk composites from process- 
ing plants. 


Pasteurized 


results 


These two sampling techniques provide esti- 
mates of the yearly average strontium—90 con- 
centrations in raw and pasteurized milk that 
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RADIONUCLIDES IN FLORIDA MILK, JANUARY-MARCH 1964* 


[Concentratior 


n pe/liter 


Strontium-90 Cesium-137 
I Ma Jan Fet Ma 

7 10 13 191 192 232 
16 14 170 203 175 
15 ) 1] 159 196 181 
0 ] 12 21 244 309 
o 4 10 { 198 234 
12 0 15 01 00 234 

] 1 RS 206 ae 


are within 38 percent of each other. Yearly 
average strontium—89 concentrations in raw 
and pasteurized milk have been within 14 per- 
cent of each other. For cesium—137 concentra- 
tions, the two methods gave average results 
within 15 percent of each other for April- 
December 1963 when analyses were being done. 


1. Indiana Milk Network 
August 1964 


Bureau of Environmental Sanitation 
Indiana State Board of Health 


The Indiana State Board of Health began 
sampling pasteurized milk for radiological ana- 
lysis in September 1961. Indiana was geo- 
graphically divided into five major milksheds, 
and one large dairy within each milkshed was 
selected as a sampling station (figure 6). 
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FIGURE 6.—INDIANA MILK SAMPLING LOCATIONS 
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The milk samples are routinely analyzed for 
iodine-131, cesium—137, barium—140,  stron- 
tium—89 and strontium—90. Until August 1963, 
analyses for the gamma emitters iodine—131, 
cesium—137 and barium—140 were conducted on 
a weekly basis, except when iodine—-131 ex- 
ceeded 100 pe/liter, at which times the fre- 
quency of sampling was increased. Because of 
continued low concentrations of the short-lived 
gamma emitters, the sampling frequency was 
reduced in August 1963 to once per month for 
the northeast, southeast and southwest milk- 
sheds. Strontium—89 and strontium—90 analyses 
are performed monthly for each station. 


An ion exchange analytical procedure (6) is 
employed for strontium—89 and strontium—90 
analyses. Minimum detectable levels for stron- 
tium—89 and strontium—90 are about 5 and 1 
pe liter, respectively. A 512-channel pulse 
height analyzer and shielded 4 x 4-inch sodium 
iodide crystal are used for the gamma analysis 
of iodine-131, cesium—137, and barium—140. 
Analyses of counting statistics indicate that the 
lower limit of detectability for both iodine-131 
and barium—140 pe/liter. Cesium—137 
analyses are subject to a 6 percent error at the 
100 pe/liter level. Additional factors such as 
drift of the analyzer and calibration factors 
will increase these limits to some extent. 


is 5 


The monthly averages of the data obtained 
for the individual sampling stations and the 
State averages are reported in table 7. 


TABLE 7 RADIONUCLIDES IN INDIANA MILK 
AUGUST 1964 


December 1964 


5. New York Milk Network 
June 1964 


Division oT Environme ntal Health Se rvices 


State oT Ne Th York De partme nt OT He alth 


from six 
Newburgh, 


Milk samples collected routinely 
Albany, Buffalo, Massena, 
New York City, and Syracuse (figure 7) are 


cities- 


analyzed for their radionuclide content by the 
State of New York Department of Health. Pas- 
teurized milk samples are collected daily and 
weekly for the determination of 
strontium-—90, iodine-131, ce- 
barium-lanthanum-140 at all 


composited 
strontium—839, 
slum-137 and 


stations except Massena, where samples are 
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LOCATIONS 


composited bi-weekly, and at New York City 
where one daily milk sample representing the 
total milk suppiy for that day is obtained and 
analyzed once per week. Samples are obtained 
from processing plants except at Albany, where 
the daily sample is obtained from a marketing 
point. During periods when cows are no longer 
on stored feed, the sample from Albany is ana- 


lyzed daily for iodine-131. In the event that 
any city reports iodine-—131 concentrations ex- 
ceeding 100 pc/liter, increased surveillance is 


undertaken. 





A matrix method (7) is used for the anal- 
ysis of spectral data to determine the concen- 
trations of gamma-emitting nuclides in milk. 
With this method, the individual nuclide con- 
tributions to the gamma spectrum are sepa- 
rated by solution of simultaneous equations de- 
scribing the spectral interferences. 

The analytical procedure for strontium-—89 
and strontium-90 is based on ion exchange 
methods. Cations (including radiostrontium) 
are eluted from the ion exchange resin with 
sodium chloride solution, strontium isotopes are 
gathered by means of sodium carbonate, iso- 
lated by means of ethylenediaminetetraacetic 
acid (EDTA), and radiostrontium is counted 
with a low background beta counter having an 
0.8 mg/cm“ window. The strontium—90 portion 


6. Canadian Milk Network, 
August 1964 


Radiation Protection Division 
Department of National Health and Welfare, 
Ottawa, Canada 


The Radiation Protection Division of the De- 
partment of National Health and Welfare be- 
van monitoring milk for strontium—90 in No- 
vember 1955. At first analyses were carried out 
on samples of powdered milk obtained from 
processing plants. However, since January 
1963 liquid whole milk has been analyzed in- 
stead. With this change, more representative 
samples of milk consumed can be obtained, and 
in addition it is possible to choose milk sam- 
pling locations (see figure 8) in the same areas 
as the air and precipitation stations. At pres- 
ent, the analyses include determinations of 
iodine-131, strontium—89, cesium—-137, and 
strontium—90 as well as stable potassium and 
calcium. 

The milk samples are obtained through the 
cooperation of the Marketing Division of the 
Canadian Department of Agriculture. At each 


Data from Radiation Protection Programs, Vol. 2 


Vo. 9: 25-30, Radiation Protection Division, Canadian 
Department of National Health and Welfare (Sept. 
1964). 
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TaBLe 8.—RADIONUCLIDES IN NEW YORK MILK, 
JUNE 1964 + 


{Average concentrations in px liter 
Sampling location Strontium-89 | Strontium-90 | Cesium-137 

Alban <3 20 86 
Buffal 5 20 103 
\lass i 3 $3 198 
Newt 7) 26 111 
Ne \ ( $ 28 129 
Sy 4 19 8Y 
\ ip $ 24 119 

ee | i l und Ba-La'4 i i- 

nw ss i e minimum detectable els (20 i 


is differentially estimated by a second count 40 
hours later to determine the rate of in-growth 
of its daughter product yttrium—-90. The 
monthly average radionuclide concentrations in 
milk are shown in table 8. 


‘station samples are collected three times a week 


from selected dairies and are combined into 
weekly composites and forwarded to the radio- 
chemical laboratory in Ottawa. The contribu- 
tion of each dairy to the composite sample is 
directly proportional to its volume of sales. In 
most cases a complete sample represents over 
80 percent of the milk processed and distributed 
in the area. Several of the weekly samples are 
randomly selected and analyzed for iodine-131. 
The results of the spot checks for iodine—-131 
will not be reported unless there is evidence 
that the levels are rising. A monthly composite 
of the samples is analyzed for strontium—90, 
cesium—137, and stable potassium and calcium. 


Analytical Methods 


Radiochemical methods are used for the anal- 
ysis of iodine-131 (8). For the analysis of 
radiostrontium, carrier strontium is added to a 
one-liter sample of milk, and the milk is then 
placed in a tray lined with a polyethylene sheet 
and evaporated under infra-red lamps. The 
residue is ashed in a muffle furnace at 450° C, 
dissolved in dilute nitric acid, and strontium 
separated by fuming nitric acid precipitation. 
The combined strontium-—89 and strontium—90 
are determined by counting in a low back- 
ground beta counter. Strontium—90 is deter- 
mined separately by extracting and counting its 
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yttrium-90 daughter, while strontium—89 is 
estimated by difference from the total radio- 
strontium measurement. Appropriate correc- 
tions are made for self-absorption and counter 
efficiency at all stages. Calcium is determined 
by flame photometry. 

Cesium-137 is determined by gamma spec- 
troscopy using a scintillation crystal and a 
multi-channel pulse height analyzer. A sam- 
ple consisting of 4.5 liters of milk is placed in a 
sample tray constructed in the form of an in- 
verted well to accommodate the 5- x 4-inch 
sodium iodide crystal detector. The sample is 
counted for 100 minutes and the gamma spec- 
trum recorded. Estimates are made of the po- 
tassium—40 and cesium—137 content of the milk 
by comparison of the spectrum with the spectra 
of standard preparations of these two radio- 
nuclides. With this method the potassium—40 
concentration is determined and the Compton 
contribution of this radionuclide to the cesium- 
137 photopeak is subtracted to obtain the ce- 
sium-—137 concentration. The stable potassium 
content is estimated from the potassium—40 
concentration. 


Sources of Error 


In the iodine and strontium determinations, 
tests indicate that the statistical error (95 per- 
cent confidence level) in the chemical opera- 
tions involved is about plus-or-minus 10 per- 
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FIGURE 8.—CANADIAN MILK SAMPLING STATIONS 


cent. This value is independent of the concen- 
tration of the radioisotope in the milk because 
it depends only on the recovery of the carrier. 
In the determination of cesium—137 this factor 
is not involved. 

The chemical procedures error must be com- 
bined with the counting error which depends 
primarily on the concentration of the nuclide in 
the sample, the background radiation, and the 
length of time the sample and background are 
counted. 
ated mathematically for the particular counting 
arrangement used. 

The overall errors, estimated on the basis 
indicated above, are given in table 9. 


This counting error has been evalu- 


TaBLeE 9.—TOTAL ERROR FOR ARIOUS 
RADIONUCLIDE CONCENTRATIONS IN MILK 


ive sults 


Table 10 presents monthly averages of stron- 
tium—90, cesium—-137 and stable calcium and 
potassium in Canadian whole milk. Spot checks 
for iodine-131 and strontium—89 indicate that 
all samples had <5 pc/liter. 






TaBLeE 10.—RADIONUCLIDES IN CANADIAN 
WHOLE MILK, AUGUST 1964 


{Radionuclide concentration in pe/liter] 


S Ca I Potassium | Str iur Cesiun 
f r gz r 0 37 

( ga 14 L.o 26.3 119 
I I 12 1.5 26.6 133 
} Willia 1.09 l 6.1 200 
I leri 12 1.6 44.2 245 
Halifax 12 7 ‘7.2 272 
M ea 09 7 2.4 134 
Ot " O8 1.6 19.4 118 
Q 1.08 1.7 39.6 207 
R O8 1.6 29.7 1 2 
St J $ 6 74.8 7¢ 
~ ; 2 l a) 29 ) 119 
> I O08 l 32.7 191 
| OR . 11.6 4 
\ 12 16 39] RF 
Wind I 1.08 1.6 14.0 67 
Winnipes 1.09 1.6 25.6 122 
A 1 7 16 ) od 
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MOVING ANNUAL AVERAGE RADIONUCLIDE CONCENTRATIONS IN 
PASTEURIZED MILK, SEPTEMBER 1963—AUGUST 


1964 


Division of Radiological Health, Public Health Service 


Radionuclide concentration values reported 
by the Pasteurized Milk Network (1) can be 
used to estimate the contribution of milk to a 
population’s radiation exposure. This is done 
by determining both the annual average concen- 
trations of specific radionuclides in milk and 
the average daily milk consumption of a repre- 
sentative individual in a suitable sample of the 
population. 


The data listed in table 1 are concerned with 
the first of these requirements, 7.e., annual aver- 
age concentrations of strontium—89, strontium— 
90, and cesium-137 in one liter of pasteurized 
milk. Limited data are available for estimating 
the average daily milk consumption (on a 
volume basis) for specific age groups in the 
U.S. population (2, 3). 

To arrive at a basis of comparison between 
the daily rates of intake of the radionuclides 
from the milk component of the diet and the 
Federal Radiation Council’s ranges of transient 
daily rates of intake (4), it is assumed that 
the average daily milk consumption of an indi- 
vidual in a population group is one liter. The 
Guides, however, apply to total intake from all 
sources. The upper limits of Range II corre- 
spond to the Radiation Protection Guide (RPG) 
for iodine—131 and to one-third of the RPG for 
radioactive strontium. The Guides are, for ad- 
ministrative reasons, expressed as a yearly 
radiation dose, but are based on lifetime ex- 
posure (5). The FRC emphasizes that the an- 
nual acceptable risk or exposure dose is not a 
dividing line between safety and danger in ac- 
tual radiation situations (6). 


Annual averages of radionuclide concentra- 
tions in milk sampled by the PHS Pasteurized 
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The 
data in table 1 are calculated as follows: Re- 
sults from all samples collected in each week 
(Sunday through Saturday) are averaged, and 
the averages for all weeks terminating in each 
of twelve consecutive months are averaged to 


Milk Network are presented in table 1. 


obtain the annual average.' To obtain the an- 
nual average daily intake (pc/day) of radio- 
nuclides from milk, the annual average concen- 
tration values (pc/liter) in table 1 must be 
multiplied by the annual average daily con- 
sumption (liters/day) of milk. 

Monthly variations of radionuclide concen- 
trations in milk are influenced by a number of 
combined causes such as weather conditions and 
dairying practices. The moving yearly average 
(table 1), obtained by updating the previous 
twelve-month month, shows 
variations averaged over the year and tends to 
minimize purely seasonal This 
method, therefore, shows trends over a con- 
siderable period of time. 


average by one 


variations. 


Beginning with the October 1963 data, iodine—131 
values of <10 pc/liter are considered to be zero for 
averaging purposes; previously, 5 pe/liter was used for 
calculating the averages. 
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STRONTIUM-90 IN TRI-CITY DIETS, FEBRUARY-APRIL 


Health and Safety Laboratory, AEC 


Since March 1960, the Health and Safety 
Laboratory, through its quarterly diet study, has 
made estimates of the strontium—90 content of 
the average diet of individuals living in New 
York City, San Francisco, and Chicago. 


Selected foods representing 19 food cate- 
gories are purchased at each of these three 
cities about every 3 months and are analyzed 
for strontium—90. Using data from the U.S. 
Department of Agriculture (1) the annual con- 
sumption by an average individual can be 
grouped into the same 19 food categories. The 
annual dietary intake of strontium—90 can be 
estimated by summing the contributions from 
each category. Some food types are assumed 
to be representative of larger food categories, 
such as liquid milk for dairy products in 
general. 


The consumption data (1) are based on a 
weight-as-purchased basis. Before the food 
samples for the Tri-City Diet Study are ashed 
for radiochemical analysis, they are prepared 
to a certain degree as if for actual consumption. 
For example, fruits are peeled, eggs are shelled, 
and poultry is boned. Therefore, concentrations 
of radiocactivity in foods are reported in the 
Tri-City Diet Study are based on the trimmed 
weight. No correction is made for the waste. 


After two samplings at each city it was 
found that the calcium content of most food 





1 Summarized from Fallout Program Quarterly Sum- 
mary Report, HASL-149: 51-3, Office of Technical 


Services, Department of Commerce, Washington, D. C. 
20230 (October 1, 1964) price $2.75. 
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1964 


categories did not vary among cities, nor did it 
vary significantly with time. Calcium analyses 
of dietary components were performed for the 
third time recently, and further confirmed this 
result (2). Calcium analyses were therefore 
discontinued and average calcium content of 
foods was computed and used to estimate the 
average annual intake of this mineral. Details 
of the sampling system and a discussion of the 
results obtained have been summarized (3). 


Results obtained from the February-April 
1964 sampling are presented in table 1. The 
variation with time of the daily intake of 
strontium-—90 in the three cities is plotted in 
figure 1. 
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FIGURE 1.—DAILY INTAKE OF STRONTIUM-90 
IN TRI-CITY DIETS 
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Discussion 


The previously noted geographic pattern of 
distribution of strontium—90 in the diet is seen 
to persist in the last sampling: levels have been 
highest in New York City and lowest in San 
Francisco. Partly due to its high annual con- 
sumption, milk continues to be the predominant 
source of strontium—90 in the diet. 

In Chicago the strontium-—90 intake was 
about the same as that found three months 
earlier. There was a slight increase in the 
strontium—90 intake estimated for San Fran- 
cisco and a slight decrease for New York. 
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AVERAGE PER PERSON DIETARY CONSUMPTION AND STRONTIUM-90 INTAKE 
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Recent coverage in Radiological Health Data: 


Period Issue 

Thirteenth sampling (May- 
July 1963) 

Fourteenth sampling (August- 
October 1963) June 1964 

Fifteenth sampling (November 
1962-January 1964) 


March 1964 


Septe mber 1964 
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Section [I1I— Water 


GROSS RADIOACTIVITY AND STRONTIUM-90 IN SURFACE WATERS 
OF THE UNITED STATES, JUNE 1964 


Division of Water Supply and Pollution Control, Public Health Service 


Levels of radioactivity in surface waters of 
the United States have been monitored by the 
Public Health Service Water Pollution Surveil- 
lance System since its initiation in 1957. Be- 
ginning with the establishment of 50 sampling 
points, this system has expanded to 131 stations 
as of October 1, 1964. These are operated 
jointly with other Federal, State, and local 
agencies, and industry. Samples are taken 
from surface waters of all major U.S. river 
basins for physical, chemical, biological and 
radiological analyses. These data can be used 
for evaluating sources of radioactivity which 
may affect specific domestic, commercial, and 
recreational uses of surface water. Further, 
the system provides background information 
necessary for recognizing pollution and water 
quality trends and for determining levels of 
radioactivity to which the population may be 
exposed. Data assembled through the system 
and exact locations of sampling points are pub- 
lished in annual compilations (1-7). 


Sampling Procedures 


The participating agencies collect one-liter 
“grab” samples each week and ship them “as 
is” to the Surveillance System Laboratory in 
Cincinnati for analysis. Gross alpha and gross 
beta radioactivity determinations on the sus- 
pended and dissolved solids are performed as 
frequently as deemed necessary. 
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Presently, gross alpha and beta determina- 
tions are made on monthly composites of the 
weekly samples received from most stations. 
Weekly alpha and beta determinations are 
scheduled for stations located downstream 
from known potential sources of radioactive 
waste. Weekly analyses are also conducted at 
all newly established stations for the first year 
of operation. 

Normally, samples are counted within two 
weeks following collection or within one week 
after compositing. The decay of activity is fol- 
lowed on each sample for which the first anal- 
ysis shows unusually high activity. Also, if a 
recount indicates that the original analysis was 
questionable, values based on recounting are re- 
corded. All results are reported for the time of 
counting and are not extrapolated to the time 
of collection. 


Analytical Methods 


The analytical method used for determining 
gross alpha and beta radioactivity is described 
in the eleventh edition of “Standard Methods 
for the Examination of Water and Waste- 
water” (8). Suspended and dissolved solids 
are separated by passing the sample through a 
membrane filter (type HA) with a pore size of 
0.45 micron. Planchets are then prepared for 
counting the dissolved solids (in the filtrate) 
and the suspended solids (on the charred mem- 
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brane filter) in an internal proportional coun- 
ter. Reference sources of U.,O., which give a 
known count rate if the instrument is in proper 
calibration, are used for daily checking of the 
counters. 


Results 


Table 1 presents June 1964 results of alpha 
and beta analysis of U.S. surface waters. The 
stations on a river are arranged in the table 
according to their relative location on the river, 
the first stations listed being closest to the head- 
waters. These data are preliminary. Replicate 
analyses of some samples as well as some ana- 
lyses incomplete at the time of this report will 
be included in the system’s “Annual Compila- 
tion of Data” (7). The figures for gross alpha 
and gross beta radioactivity represent either 
determinations on composite samples or means 
of weekly determinations where composites 
were not made. 
ported to the nearest pc liter. When all samples 
have zero pc liter, the mean is reported as zero; 
when the calculated mean is between zero and 
0.5 the mean is reported as <1 pc/liter. 
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The monthly means are re- 





A geographical perspective of the radio- 
activity in surface water is obtained from the 
numbers printed near the stations as shown 
in figure 1 which gives the June 1964 average 
total beta activity in suspended-plus-dissolved 
solids in raw water collected at each station. 
Results for the years 1957-1962 have been sum- 
marized by Weaver et al (9). 


Strontium—90 Determinations and Results 


3eginning in 1959, strontium—90 analyses of 
the total solids of surface waters were made 


‘quarterly on three-month composites of aliquots 


from weekly samples. Beginning in November 
1962, the frequency of analysis was reduced to 
two quarterly samples per year at each sam- 
pling point except those stations immediately 
below nuclear installations, where quarterly 
analyses were continued. The method used for 
determining strontium—90 is a modification of 
a procedure described by Harley (10). The 
yttrium—90 together with an yttrium carrier is 
precipitated as yttrium oxalate and the latter 
is washed and counted in a low-background 
anticoincidence, end-window proportional 
counter. 
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FIGURE 1—SAMPLING LOCATIONS AND ASSOCIATED TOTAL BETA 
ACTIVITY (pe/liter) IN SURFACE WATERS, JUNE 1964 
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TaBLE 1.—RADIOACTIVITY IN RAW SURFACE WATERS, JUNE 1964 
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Table 2 presents the results of quarterly ana- 
lyses of strontium—90 concentrations in U.S. 
surface waters for April-June 1964 as well as 
results for the previous three quarters for com- 
parative purposes. The stations are arranged 
in the table according to their relative locations 
on the river, the first station being closest to 
the headwaters. Floyd and Weaver summarized 
the strontium-—90 results obtained from 1959 
through 1963 in the August 1964 issue of RHD 
(11). 


Sixty-nine quarterly composite samples were 
analyzed for strontium-90 activity in April- 
June 1964. The arithmetic mean for these 69 
results was 3.0 pce/liter and the median was 2.3 
pe/liter. The mean for 64 results of the previ- 
ous quarter (January, February, March 1964) 
was 2.5 and the median was 2.0 pc/liter. This 
increase can be attributed largely to seasonal 
“runoff”. 


Two stations had strontium-90 levels equal 
to or greater than 7.5 pc/liter, which was the 
highest reported level during the previous quar- 
ter. These were Grand Forks (Red River 
North) and Missouri City (Missouri River), 
both with 9.4 pc/liter. While there are no stand- 
ards for strontium—90 activity of total solids in 
surface water, the Public Health Service Drink- 
ing Water Standards set the limit for stron- 
tium-90 concentrations in drinking water at 
10 pe/liter (12). This limit for public water 
supplies is greater than the highest level ob- 
served during April-June 1964. 


Discussion 


The monthly dissolved beta activity averages 
exceeded 100 pc/liter at two stations. These 
values were 214 pc/liter on the Columbia River 
and 183 pc/liter on the Missouri River. The 
gross beta activity (quarterly median of 
monthly means) for this period for the original 
radioactivity-baseline stations was 43 pc/liter, 
compared to 27 pc/liter for the previous 
quarter. 


The dissolved alpha activity, which is associ- 
ated with the dissolving of natural surface 
minerals by water, ranged from zero to 36 pc 
liter. Of all stations, six stations on five rivers 
had monthly average dissolved alpha activity 
greater than 10 pc/liter. 
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The radioactivity associated with dissolved 
solids provides a rough indication of the levels 
which could occur in treated water, since nearly 
all suspended matter is removed by the treat- 
ment process (13). The Public Health Service 
Drinking Water Standards state that in the 
absence of strontium—90 and alpha emitters, 
a water supply is acceptable when the gross 
beta concentration does not exceed 1000 pc 
liter (12). 


' Absence is taken here to mean a negligibly small 
fraction of the specific limits of 3 pe/liter and 10 pe 
liter for unidentified alpha emitters and strontium—90, 
respectively. 
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RADIOACTIVITY IN NEW YORK SURFACE WATER 


JULY 1963—JUNE 1964 
Division of Environmental Health Services 
State of New York Department of Health 


The New York Department of Health began 
a program in January 1955 to determine the 
amount of radioactivity in water used for pub- 
lic consumption. This radioactivity in water 
may arise from the natural mineral content of 
water (background), from atmospheric fallout, 
and from nuclear industry operations. Water 
samples are obtained monthly from twenty-six 
cities for gross beta analysis. Samples are ob- 
tained more frequently from four cities for 
strontium—90 analyses. 


GROSS BETA ACTIVITY IN NEW YORK 
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Samples are sent to the Division of Labora- 
tories and Research for analysis. Table 1 shows 
the gross beta concentrations and table 2 shows 
the radiostrontium concentrations in water 
from January 1963-—June 1964. Albany and 
Cohoes water receives standard chlorination, 
coagulation and gravity rapid sand filtration 
and New York City receives chlorination. It is 
of note that the Cohoes gross beta results are 
for the raw water source while the Cohoes 
strontium—89 and strontium-90 results are for 
the finished water. 


RAW SURFACE WATER, NOVEMBER 1963-JUNE 1964 
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For gross beta analysis, a measured quantity 
of water is evaporated and the residue is ana- 
lyzed in an end-window gas flow proportional 
counter. 

For strontium-89, strontium—90 and yttrium— 
90 analysis, a measured quantity of water is 
passed through an ion exchange resin column 
and the strontium is retained on the resin. The 
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strontium is then eluted from the resin, con- 
centrated and beta counted as strontium sulfate 
using a low background end-window gas flow 
proportional counter. Successive beta counting 
of the sample at two-day intervals enables the 
determination of strontium—90, strontium—89 
and yttrium—90 to be made. 


























Section [V—Other Data 


ENVIRONMENTAL LEVELS OF RADIOACTIVITY AT 
ATOMIC ENERGY COMMISSION INSTALLATIONS 


The U.S. Atomic Energy Commission re- 
ceives from its contractors semi-annual reports 
on the environmental levels of radioactivity in 
the vicinity of major Commission installations. 
The reports include data from routine monitor- 
ing programs where operations are of such a 
nature that plant perimeter surveys are 
required. 

Summaries of the environmental radio- 
activity data for 22 AEC installations have ap- 
peared periodically in RHD since November 
1960. Summaries follow for Brookhaven Na- 
tional Laboratory and Rocky Flats Plant. 

Releases of radioactive materials from these 
installations for the periods covered in the re- 
ports below are regulated in accordance with 
AEC standards as set forth in the Federal Reg- 
ister Title 10—Part 20 (1). The appropriate 
concentration standards are given in table 1. 


1. Brookhaven National Laboratory 
July 1963-June 1964 


Associated Universities, Inc. 


Upton, New York 


The Brookhaven National Laboratory (BNL) 
operations may affect the environmental levels 
of radiation in three ways: (1) by discharge of 
coolant air from the graphite research reactor, 
(2) by radiation from an ecology forest gamma 
source, and (3) by the discharge of low level 
radioactive liquid wastes into a small stream 
that forms one of the headwaters of the Peconic 
River (figure 1). 


SELECTED ENVIRONMENTAL MPC VALUES PERTAINING TO 


ALEC INSTALLATION REPORTS IN THIS SUBSECTION 


TABLE | 
Line 
No. Rad i x 
If s I I I \ R Ra***, Ra \ I I 
2 If ) | Pb? Ra ? Ra i nm pr nt® 
} If R 6 Ra ire not res t® 
4 Mixture of identified les 
If a emitters and Ac I t presen 
6 If a emi sand Pb? \ Ra228, | r ® 
7 If a emi and Sr I Pb?! Ac Ra Pa I I 
8 Argon-41 mersi 
9 Plutonir 39 
10 I niur ral 
* The concentration standards given here were taken from The Ator 
b**Not present” implies that the concentration of the nuclide is small 
Part 20, (1), a group of nuclides may be considered not present if the ratio 
sum of these ratios for the group in question is equal to or less than 4 
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Long Island, New York 
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FIGURE 1—BROOKHAVEN NATIONAL 
LABORATORY AND SURROUNDING AREA 


Area Monitoring 


The radioactivity in the discharge coolant air 
is almost entirely that of argon—41, a beta- 
gamma emitter. Because exposure to argon—41 
is due to external gamma, the monitoring is 
performed by measuring the exposure-rate in 
milliroentgens per week (mr/wk) rather than 
the concentration in air. 

Late in 1961 a 10,000 curie cesium-137 
gamma source was installed in the ecology 
forest about 800 meters equidistant from the 
north and east boundaries (2). 

Table 2 presents the average external gamma 
exposure rates measured at the four stations 
shown in figure 2. The higher levels at the 
Northeast perimeter station are primarily due 
to the ecology forest source. The environmental 
maximum permissible dose recommended by 
the FRC is 0.5 rem/yr (10 mrem/wk) above 
natural background, averaged over a one-year 
period. 


Water Monitoring 


The BNL liquid waste effluent is monitored 
for gross beta concentrations at the site bound 
ary. Table 3 presents the average concentration 
together with the total activity released as de- 
termined by using known effluent flow rates. 
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TABLE 2.—EX TERN 
I 


NAL GAMMA LEVELS AT 
T 


A 
BNL SITE BOUNDARY 


Average exposure rates in mr/wk) 





Period North Southwest | Southeast | Northeast 
gate ! perimeter | perimeter | perimeter 
Gamma exposure from 
laboratory operations 

1963 
July 0.47 0.25 0.42 3.56 
Aug 0.17 0.01 0.48 3.13 
September 0.21 0.70 0.27 2.45 
October 0.41 0.57 0.53 2.50 
November 0.31 0.39 0.45 2.17 
December. 0.19 0.25 0.39 1.63 

1964 
Janua 0.15 0.13 0.43 1.45 
Februa 0.11 0.08 0.92 1,42 
March 0.20 0.51 0.65 2.55 
April 0.54 0.39 0.44 2.36 
Ma 0.25 0.98 0.23 2.83 
June 0.27 0.43 0.52 3.36 
Second half 1963 0.29 0.35 0.42 2.61 
First half 1964 0.25 0.43 0.52 2.33 

Undisturbed background 

Second half 1963 5.94 5.41 5.92 5.89 
First half 1964 2.78 2.90 3.13 3.28 
' North gate station is located 680 meters inside boundary. The others 


ire on the boundary 
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FIGURE 2.—BROOKHAVEN NATIONAL 
LABORATORY MONITORING STATION 
LOCATIONS 
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TaBLeE 3.—GROSS BETA ACTIVITY 
BNL LIQUID WASTE EFFLUENT 
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2. Rocky Flats Plant 
July 1963-June 1964 


Dow Chemical Company, Denver, Colorado 


The Rocky Flats Plant (RFP) is engaged in 
routine production operations involving plu- 
tonium under contract to the Atomic Energy 
Commission. Its location relative to population 
centers is shown in figure 3. 
controlled 


To assure properly 


release of radioactive materials to 
the environment, periodic samples of water, air, 
and vegetation are analyzed for gross alpha 
activity. The most abundant radioactive mate- 


rial involved in the process is plutonium. 


The plant is located on gravel washed out of 
the highly mineralized Front the 
Rocky Mountains, where heterogeneous low- 
level deposits of uranium, thorium, and radium 
exist in the soil. 
able in most samples of air, water, and vegeta- 
tion. 


Range of 


These materials are measur- 
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Period 


1959 and first quarter 1960 
Second quarter 1960 


Third and fourth quarters 1960 
First and second quarters 1961 
Third and fourth quarters 1961 


second quarters 1962 


} 


ana 


First 


July 1962 to June 1963 


Previous coverage in Radiological Health Data: 
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Air 


Continuous 24-hour air samples were col- 
lected at Coal Creek Canyon, Marshall, Boulder, 
Lafayette, Broomfield, Wagner School, Golden, 
Denver, and Westminster. The monthly aver- 
age long-lived gross alpha activities are shown 
in table 4. The alpha activity is believed to con- 
sist entirely of naturally occurring materials. 


LONG-LIVED ALPHA ACTIVITY IN 
PARTICULATES IN AIR, RFP 


Wate - Monitor ing 


Semi-monthly water samples were collected 
from four reservoirs at distances ranging from 
3 to 8 miles from RFP. The average alpha con- 
centrations in the four reservoirs during the 
second half of 1963 and first half of 1964 are 
shown in table 5. 

Non-routine raw surface water samples 
were collected from a number of outlying 
streams and lakes during fall and spring vege- 
tation collections. The 35 samples collected dur- 
ing the second half of 1963 had an average 
gross alpha activity of 2.1 pe/liter. The semi- 
annual sampling was postponed for the first 
half of 1964. 
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Tasite 5.—ALPHA ACTIVITY IN RESERVOIRS IN 
rHE VICINITY OF ROCKY FLATS PLANT 


\ 


Ve ge tation Sample s 


A total of 281 vegetation samples were ana- 
lyzed during the 12-month period covered by 
this report. The average gross alpha activities 
of these samples are shown in table 6. 


Tasie 6.—GROSS ALPHA ACTIVITY IN VEGETATION 
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Previous coverage in Radiological Health Data: 


Period Issue 
Second half 1960 and 
First half of 1961 
Second half 1961 

First half 1962 

July 1962 and June 1963 


November 1961 
May 1962 
January 1963 
Februa ry 1964 


REFERENCES 


(1) U.S. Atomic Energy Commission: Rules and Regu- 
lations, Standards for Protection Against Radiation, 
Title 10 CFR 20, Government Printing Office, Wash- 
ington, D. C. 

(2) Hull, A. P.: 1962 Environmental Radiation Levels 
at Brookhaven National Laboratory, BNL 807 (T- 
310) (Health and Safety—TID—4500, 21st Ed) May 
1963, Office of Technical Services, Department of 
Commerce, Washington D. C., 20430. 


Radiological Health Data 


























RADIONUCLIDES IN ALASKAN CARIBOU AND REINDEER, 


A new phase in assessing the radionuclide in- 
take of Alaskan residents began in 1963, when 
caribou and reindeer sampling and analysis 
were undertaken by the Alaskan Departments 
of Health and Welfare and of Fish and Game 
and the Public Health Service under a coopera- 
tive agreement between these agencies. The 
basis for this joint activity stemmed from a 
more limited sampling effort conducted by these 
groups in 1962. 
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FIGURE 1—NUMBERS OF RUMINANTS IN 
HERDS SAMPLED, 1964 


Through the second quarter of 1964, the sam- 
pling was confined to the three principal cari- 
bou (Rangifer caribou) herds and one privately 
owned reindeer (Rangifer tarandus) herd. This 
program was expanded when, beginning in 
September 1964, the sampling of additional 
privately-owned reindeer herds was begun 
through the assistance of the Fish and Wildlife 
Service and Bureau of Indian Affairs, Depart- 
ment of Interior. 

Figure 1 shows the locations and approxi- 
mate number of animals in the caribou and 
reindeer herds sampled. In general, the rein- 
deer herds are located on or near the Seward 
peninsula and on two islands off the western 
coast of Alaska. 
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1962-1964. 





Samples of muscle rumen contents and bone 
three-years old) in 


from 5 animals (two- or 
approxi- 
mately April, July, September and December of 


each year. 


each herd sampled are collected in 


The muscle samples, weighing about 
two pounds each, are frozen for shipment. The 
bone samples consist of the hock from each 


animal. The rumen content samples, weighing 
about two pounds wet, are dried for shipment. 
All samples are shipped in dry ice to the Public 
Health Service Radiological 
Health Laboratory in Las Vegas, Nevada, for 


analysis. 


Southwestern 


The analytical gamma 
scintillation potassium—40, 
zirconium-niobium-95, ruthenium-—106, and ce- 
sium-137. Strontium—89 and strontium—90 are 
determined by chemical separation 
Analysis for stabl 


procedure includes 
spectroscopy for 


followed by 
beta counting. calcium is 


done by a flame photometric method. 


Zirconium-niobium-95, ruthenium-106 and 
cesium-—137 results are presented in tables 1-3 
for caribou and reindeer muscle, rumen con- 
tents and bone, respectively. Data for cesium 
137 in caribou muscle and rumen contents are 
shown in figures 2 and 3. 
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FIGURE 2.—CESIUM-137 IN CARIBOU MUSCLE 
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At this stage, comparison of rumen content 
and muscle concentrations does not reveal any 
consistent relationship. The need for addi- 
tional information, including more specific in- 
formation concerning the dietary habits of cari- 
bou is required before meaningful comparisons 
can be made. 


ALASKAN 
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JE} MEN CONTENTS 
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TaBLE 3.—RADIONUCLIDES IN ALASKAN ad ROI 
CARIBOU AND REINDEER BONE A etre 





ba 
wt ’ 

Specimens & Sr8? Srve Zr-Nb* Ru! Cs}3 

samy g dates pe/g ash pe/g ash pe/kg) * (pe/kg) * (pe/kg) * 

Caribou 

Arctic herd 
12/21/63 b 60 225 <10 $50 190 > 
12/21/63 <10 640 210 
12/21/63 <10 910 120 
4/27/64 NA NA NA 
5/3/64 ' NA NA NA 2 
»/19/64 <5 143 NA NA NA 
5/19/64 NA NA NA % 
5/19/64 NA NA NA 


Nelchina herd 


11/24/63 <10 4,550 920 
11/24/63 <10 3.210 620 
11/25/63 5 117 10 l 0 620 
11/25/63 10 l ) 101 stienliensh ps es es ee BD SX Ore ow | 
11/25/63 10 3 St 140 
4/24/64 NA NA NA 
24/6 N N N . . smarty SS ee 
ime * an “r + FIGURE 3.—CESIUM-137 IN CARIBOU RUMEN 
4/25/64 NA NA NA CONTENTS 
41/26/64 NA NA NA 
Peninsula herd 
12/12/63 460 50 40 
12/12/63 10 430 +, 780 
12/13/63 118 10 490 740 
12/19/63 10 10 ;. 660 
= ’ -_ — Although the data are too limited to permit 
1/9 N N N . : 
fo an “7 TA detailed analysis, some observations may be 
15/¢ Li¢ NA NA NA . : . on : } 
proe NA NA NA made from the cesium-—137 in muscle data for 
4/15/64 NA NA NA . . . 
the Arctic Herd. Although a general increasing 
4/26/64 < 0 S20) $20 . . *< 2 
9/26/64 <10| <10 ‘6 trend is noted from 1962 through 1963, seasonal 
10/1/64 - ) 1 l 0) . . . . . . 
10/1/64 10 : 2" 180 variations are difficult to ascertain. Of special 
oe interest is the apparent rapid decrease in flesh 
Area | : , , : . 
12/27/63 <10 10 750 concentration during the summer of 1964. If 
12/27/63 25 64 <1) < ) R50 . . . . 
19/27/63 <10 <10 800 the individual data for the Arctic Herd are 
12/27/63 < f) 0) 1 . . . ; , . . 
plotted, they imply an effective half-life for ce- 
9/7/64 10 ‘ 2,700 , ai. a é, : ae 
9/7/64 <10 <10 1 30 sium-137 in caribou flesh of approximately 25 
9/7/64 <10 710 | 3/400 days (assuming no intake of cesium—137 during 
Q 7 64 10 < if 7 Ht . » 9 
the period). Whether this represents actual 
Ar i 3 . ° . " 
1/26/64 1,890 turnover in caribou or simply the absence of a 
/2t 64 < 10 < i) if . . , 
close relationship between samples cannot be 
Area 4 > 
9/25/64 10 <1 80) answered from these data. 
 /25/64 lO ( xs 
1/25/64 0 R4( ” »( 
Area 8 
9/18/63 0 ) - 
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9/24/64 10 U 


® Wet basis. 
b Indicates composite of samples for the period analyzed. 
° Indicates no analysis was done. 
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STRONTIUM-90 IN HUMAN BONE, 


George W 


The need to establish Public Health Service 
programs to provide estimates of accumula- 
tions of selected radionuclides in people Was 
emphasized in statements of objectives and 
feasibility studies initiated in 1961 and 1962 
(1-3). These estimates would be based on di- 
rect measurements in human organs and tissues 
and would initially include measurement of 
strontium-90 in bone and _iodine—-13 in 
thyrolds. 

In late 1961 the Public Health Service’s Divi- 
sion of Radiological Health, jointly with path- 
ologists and medical examiners throughout the 
U.S., initiated collection of human bone speci- 
mens at autopsies or incidental to surgical pro- 
cedures. The background of this program, re- 
view of previous work, description of analytical 
methods employed, and initial results from de- 
terminations made through October 1963 are 
given in a previous report (4). This report 
analyzes the results obtained in the program 
through June 1964, and also gives detailed data 
for determinations completed from November 
1963 through June 1964. 


Results 


Each determination included in this report 
Table 1 in- 
for deaths occurring in 1962 and 
1963, all results of analyses performed in the 
Strontium—90 in Human Bone Program through 
June 1964. This analysis supplants that previ- 
ously reported (4) and includes data for a 
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total of 322 individuals who died in 1962 and 
1963 at ages less than 25 years. The present 
analysis does not include data previously re- 
ported for 8 individuals who died in 1961. The 
program was not designed to include individ- 
uals 25 years or older. Analyses from older age 
groups support the expectation that relatively 
low strontium—90 to calcium ratios would be 
found in these cases. 

Table 1 contains the highest, lowest, and 
mean strontium—90 observed in the Programs 
in bone specimens for each of 5 age ranges and 
6 major geographic regions in the United 
States, as well as for the entire United States. 
For each category considered, the number of 
individuals from whom specimens were ob- 
tained and analyzed is also given. The 6 major 
geographic regions (figure 1) have been arbi- 
trarily designated for use in the program (4). 

Table 2 supplements detailed data which 
were previously reported (4). Details are given 
for each determination in the program from 
November 1963 through June 1964. 

Figure 2 shows the frequency distribution 
for strontium—90 in the bone samples from 
1962 and 1963 deaths. The distribution is 
skewed in all of the age ranges considered in 
this report and the distribution of strontium-—90 
was observed to be similarly skewed. The 
logarithmic probability plot presented in figure 
3 clearly indicates that the distribution is log- 
normal, consistent with earlier observations by 
Kulp and Schulert on whole skeleton samples 
obtained in New York (5). 

Figure 4isa plot of mean strontium—90 versus 
age for each age range and also a plot of the 
standard errors of the mean for strontium—90 
found for each age group. In view of figures 2 
and 3 as noted above, means and standard 
errors of the mean are certainly not entirely 
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FIGURE 1—REGIONS FOR PHS BONE SAMPLING 
LOCATION OF COLLECTION CENTERS 


satisfactory statistics for these data, which 

clearly are not normally distributed. Neverthe- 

less, means and standard errors of the mean 

are given in this report (table 1 and figure 4) 

because: 

1) These have been frequently used by 
others in reports of strontium—90 in 
bone; they are in some cases the only 
basis for comparison with results of pre- 
vious work by others; 

Even for a skewed distribution, the mean 

value could be meaningful for epidemi- 

ologic dose and effect interrelationships; 

The standard error of the mean 

(a) communicates some idea, in an ab- 
breviated summary, of the uncer- 
tainty in the central value and, 

(b) combined with information on the 
number of individuals in the sample, 
gives some idea of the spread in the 
distribution of the individual values. 


) 


3) 


December 1964 
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5 is a plot of median strontium—90 
versus age in 1962 and 
1963. In each age group there appeared to be 
higher median values in samples from 1963 
deaths as compared with those which occurred 
in 1962. Even though the median 
considered better 
values, similar conclusions regarding the gen- 
eral rise in strontium levels in bone 1963 
over those found in the corresponding age 
groups in 1962 deaths might be drawn from 
the mean values given in figure 4. In both 
figures the most prominent changes are seen 
in the youngest age groups. 

Inspection of table 2 and the corresponding 
table in a previous report (4) indicates that 
the median values for the 0-4 age group would 
be even higher if neonatal deaths (birth to one 
month) were excluded. There is good reason, 
in fact, to consider separately those cases in 
which death occurs in the first 
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UNITED STATES IN 1962 AND 1963, BY YEAR OF DEATH, AGE AND GEOGRAPHIC ORIGIN. This table in- 
pnorates data for all individual cases from whom one or More bone specimens were analyzed in the Strontium-90 in Human 
I e Program through June 1964. The ‘“‘maximum”’ and ‘‘minimum” for each eategory are the highest and lowest values 
{in anal of specimens from individual cases in the category For comment regarding the average values, in view of 
on-normal distribution in strontium units (Figures 1 and 2), see text 
1962 DEATHS 
9 4 , 20-24 \ 
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life because of the discrimination between oF F a «| 
strontium and calcium by the mother in ab- 100 L 
sorption, excretion, and transplacental passage - 
as well as for reason of diets frequently lower ia 
‘ ‘ ° > . E 
in strontium units during the first few months 8 mL 
after birth. € 
av 
a , i 0 AMF 
[hese factors would be expected to manifest 3 | 
themselves by relatively lower strontium units 2 wf 
. . . > . . ° 
in bone during the first few months of life and 2 wn Pry 
o = 
would subsequently be offset by accumulation eS 
. . . . . - vo 
of relatively higher radiostrontium levels from 8 40h 
dietary sources in the absence of the maternal 8 
‘ ° ‘ ° re ° . ° 2 3 
discrimination. That this effect is marked and 7 | 
; ; = . . ° 2 z | 
prolonged during the first few months of life 20 + 
is consistent with observations given in table 3. 
- ‘ ‘ . ‘ 10 
Following the rise to relatively higher levels [= 
after the first months of life, there is a gradual 0 | 1 t= ae 
, ° ‘ P ° | 4 5 6 7 2 7 10 1 #612 ~=«ONS 
decrease in strontium units in bone with in- 
. rh ° pe Sr-90/g Ca 
creasing age. The observed regression on age 
holds true not only for combined results on speci- FIGURE 2.—FREQUENCY DISTRIBUTION FOR 


mens obtained throughout the nation, but gen- 
erally for the six geographic regions, both in 
1962 and 1963, except in those cases in which 
the number of specimens was too small to per- 
mit any inferences to be drawn. 


‘Oj 


024 





STRONTIUM UNITS (pe Sr**/g Ca) IN HUMAN 
BONE FROM SELECTED U.S. DEATHS IN 1962 


AND 1963. The distribution is skewed. The data 
include results for all individual cases for which 
specimens were analyzed in the strontium-90 in 


human bone program through June 1964. 
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TaBLE 2.—DETAILED DATA FOR INDIVIDUAL CASES, BONE SPECIMENS AND STRONTIUM-90 ANALYTICAL 








RESULTS. The table includes data for all individual cases for which analyses of strontium-90 content in hone were perlormed 
in the Strontium-90 in Human Bone Program in the interval from November 1965 through June 1964 
Region, State, and sample Age at deatl mex Date of Bone * Urig \ SY t 
eat! \A 
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Region, State, and sample 


Ohio 
V-19(0076) 
V-19(0076) 


Central—Continued 


V-19(0079)__- 


V-19(0080) - 
V-19(0081) 


V-19(0082) 


V-19(0083)__.___. 
V-19(0084)__. 


V-19(0087) - 
V-19(0088) 


V-19(0090) 
V-19(0091) 
V-19(0092) - 
V-19(0093) - 
V-19(0094) 


V-19(0095) 
V-19(0096) 
V-19(0098) 


V-19(0099) _. 


Wisc. 
V-3(0011) 
V-3(0030) 
V-3(0031) 


a. 
VII-8(0001) 
VII-8(0008) 
VII-8(0009) 
VII-8(0011) 


I-8(0017) 


Miss. 
IV-8(0001) 


Tenn. 
IV-9(0001) 
IV-9(0002) 
I1V-—9(0002) 
IV-9(0006) 
IV-9(0007) 


Southwest 


Calif. 
IX -9(0008) 
IX-9(0008) 


VII-8(0012) . 
VII-8(0016)- 
VII-8(0017) .- 
VI 


IX-9(0008) - 


IX-9(0009) 


IX-—9(0009) - 
IX-9(0009) . 


Texas 
VII-1(0007) 
VII-11(0001) 
VII-11(0003) 








* V, vertebra; R, rib; I, ilium; S, sternum; F, femur. 
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in Human Bone Program through June 1964. 


Date of 
death 


Aug 62 
Aug 62 
Jan 63 
Dec 62 
Dec 62 
Jan 63 


Jan 63 
Jan 63 
Dec 62 
Jan 63 | 
Jan 63 
Nov 62 
Feb 63 
Jan 63 
Apr 63 
Apr 63 


Nov 62 


Nov 62 
Nov 62 
Oct 62 
Oct 62 
Oct 62 
Mar 63 
Surg 63 
Sept 63 
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HUMAN 
BONE IN SELECTED UNITED STATES DEATHS AT 
AGES UNDER ONE YEAR AND AT 1-4 YEARS, AND 
FOR BOTH GROUPS COMBINED. 
all 1962 and 1963 deaths in the designated age groups for 
which bone specimens were analyzed in the Strontium-90 


The data include 


Mean strontium units in age group 


0-12 
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No 
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Original Ash wt (g 
wt (gz 
194 21.3 
104 21.3 
100 m4 
164 16.3 
226 20.9 
245 18.5 
110 8.8 
177 12.8 
187 20.9 
111 1.8 
123 14.3 
155 13.7 
107 3.3 
117 10.3 
103 12.8 
102 ioe 
131 12.2 
11 20.3 
158 17.9 
214 22.4 
56 BR, 
144 13.5 
158 24.3 
143 15.6 
YS 16.7 
142 16.4 
162 22.0 
212 27.1 
139 20.6 
139 20.6 
152 95.9 
SY 15.5 
105 15.9 
105 15.9 
130 21.3 
141 2.0 
136 18.8 
136 18.8 
136 18.8 
133 19.7 
133 19.7 
133 19.7 
»7 25.5 
126 8.9 
I 115 12.3 
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FicurE 3.—PROBABILITY LOGARITHMIC PLOT OF STRONTIUM UNITS (pc Sr*°/g Ca) INHUMAN BONE 


FROM SELECTED U.S. DEATHS IN 1962 AND 1963. 


The distribution is log-normal. The data include cumu- 


lative results for all individual cases for which specimens were analyzed in the strontium-90 in human bone 


program through June 1964. 


While the results might, at first glance, ap- 
pear to suggest that relatively higher stron- 
tium—90 bone levels have occurred in the North- 
east than in other geographic areas, existing 
information does not permit adequate compari- 
son of data from different geographic areas. 
For example, comparison of age-paired cases 
from the Northeast and the Central regions, 
which might be suggested by the relatively 
large numbers of specimens from these areas, 
is not feasible mainly for the reason that dates 
of death are not comparable. 


Discussion 


To investigate possible public health signifi- 
cance of data in this report it is of interest to 
compare these with strontium—90 skeletal con- 
centrations which have been considered (4) to 
correspond to the three “ranges of transient 
rates of daily intake” cited by the Federal Ra- 
diation Council (6). The strontium—90 skeletal 
concentrations and the FRC intake “ranges” 
which have been related are listed for conveni- 
ence in table 4. From bone data included in 
table 3 for two age groups, there is some sug- 
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gestion that the skeletal concentration of stron- 
tium—90 considered to correspond to the upper 
limit of FRC Range I for the “population aver- 
age” (table 4) was reached in 1963 for the 1-4 
year age group (average value of 5S.U.). The 
upper limit of the skeletal concentration related 
to FRC Range I for individuals was approached 
in one 1963 case; the value was 13 S.U. (table 
1). However, it must be remembered that these 
data can only be absolutely related to the re- 
spective individual cases and not necessarily to 
a suitable sample of the exposed population. 


Summary 


Since late in 1961 the Public Health Service 
has conducted a program to provide estimates 
of strontium—90 levels in man. The authors 
analyzed data obtained through June 1964 in 
the Strontium-90 in Human Bone Program, 
and reported new analytical results, obtained 
from November 1963 through June 1964, for 
strontium—90 analyses of tissue from selected 
autopsies performed throughout the United 
States during 1962 and 1963. These were from 
cases less than 25 years old at death. 
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The distribution for strontium units (pe Sr®” 
g Ca) in bone was log normal. Concentrations 
of strontium—90 in bone decreased with increas- 
ing age except during the first few months after 
birth. The latter observation is consistent with 
the well-known maternal discrimination against 
strontium in favor of calcium. This is believed 
to be principally responsible for the relatively 
low concentrations of strontium—90 in bone ob- 
served during the first few months after birth. 


In the 1963 data, levels of strontium—90 in 
bone were higher than in individuals of similar 
ages who died in 1962. The observed average 
concentrations in 1963 in the 1-4 year age 
group correspond approximately to the upper 
limit of Range I of the guidance of the Federal 
Radiation Council (6). This guidance is used 
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| 0-4 | 5-9 | 0-14 | 15-19 | 20-24 | 
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FIGURE 4.—MEAN STRONTIUM UNITS (pce Sr®°/g 
Ca) INHUMAN BONE PLOTTED AGAINST AGE 
AT DEATH IN SELECTED JU. S. DEATHS IN 
1962 AND 1963. The data include all individual cases 
for which specimens were analyzed in the strontium- 
90 in human bone program through June 1964. 


Vertical lines above and below the mean values repre- 
sent one standard error of the mean in each direction. 
For comment regarding the average values and their 
standard errors, in view of non-normal distribution 
(figures 1 and 2), see text. 
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5-9 | 1-14 | 15-19 | 20-24 
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FIGURE 5.—MEDIAN STRONTIUM UNITS (pce Sr°°/g 
Ca) INHUMAN BONE PLOTTED AGAINST AGE 
AT DEATH IN SELECTED U.S. DEATHS IN 
1962 AND 1963. The data are based on the same 
analytical results as in figure 3. 





to provide some perspective of the strontium-—90 
burden even though the current FRC guidance 
does not indicate when protective action should 
be taken against fallout from nuclear weapons 
tests. 
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REPORTED NUCLEAR DETONATIONS, NOVEMBER 1964 


During November 1964 one nuclear test was 
announced by the Atomic Energy Commission. 
This was an underground nuclear experiment 
conducted on November 5, at the Nevada Test 
Site as part of the Plowshare Program for 
peaceful uses of nuclear explosives. 


The yield of this test was about 10 kilotons. 
It has been assigned the arbitrary RHD ref- 
erence number 172. 


Correction for Reported Nuclear Detonations, 
October 1964 

In last month’s summary of Reported Nu- 
clear Detonations, RHD omitted a test con- 
ducted October 9 at the Nevada Test Site. This 
underground experiment, with a yield of about 
30 kilotons, was part of the Plowshare Program. 

The corrected chronological RHD reference 
numbers listed for October are, therefore, 167 
through 171. 
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UNITS AND EQUIVALENTS 


billion electron volt 
count per minute 
disintegration per minute 


uare kilometer 
kilovolt peak 
cubic meter 
milliampere 
milliampere-second 
million electron volts 
square mile 
milliliter 
millimeter 
millirad 
millirem 
milliroentgen per hour 
millimicrocurie 
nanocurie---__..__ 


nanocurie per square meter _ 
picocurie 


roentgen = 
mucromucrocurie 


Equivalent 


kg = 1000 gm = 2.2 pounds 


m’ = 1000 liters 


mpc == 1 ne 
ne = 1000 pe - 
=10-* curies 
nc/m? = 1 mpc/m? = 
puc/m? = 1 me/km? 


1 mpc 


= 1,000 
= 2.59 


= 10—'* curies 





INTERNATIONAL NUMERICAL MULTIPLE 


Multiples 
and 
submultiples 


1012 
10° 
108 
108 
102 
10 
10-1 
10-2 
10 
10-# 
10-9 
10-12 
10-15 


SUBMULTIPLE 
Prefixes 


tera 
giga 
mega 
kilo 
hecto 
deka 
deci 
centi 
milli 
micro 
nano 


ww 
emto 


PREFIXES 


Symbols 


fém 


AND 


lations 
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